Statistical analysis and size distribution study on oocytic cells during vitellogenesis of the Asian striped catfish Mystus vittatus were performed systematically to gather useful information required for aquaculture of this economically important fish in south-east Asia. Mean oocytic cell diameters were found to increase with advancement of vitellogenic stages. Semi quantitative approach is employed to establish relationships between Oocyte cell diameters with the heights of zona granulosa and zona radiata layers during vitellogenesis of Mystus vittatus. Heights of both the layers are found to increase with oocytic cells diameters and showed linear dependence in the experimental range. It is also found that the change in the height of zona radiata with the height of zona granulosa during vitellogenesis follow non linear pattern and the data fitted well with exponential growth curve.
INTRODUCTION
The cellular zona granulosa (ZG) and the acellular zona radiata (ZR) form two vital layers of the oocytes in teleost fishes. These two layers act as interfaces for the transport of essential materials into and out of the cell. Our histological study reveals the appearance and growth of these two layers in the oocytes of Mystus vittatus during the process of vitellogenesis.
The oocyte development stages of the teleosts have been studied by many authors [1] [2] [3] [4] [5] [6] [7] [8] and the main criteria used to determine the stages included the deposition of the vitellogenin and the change in characters of the surrounding acellular and cellular layers. The oocytes of teleost fishes are composed of a zona radiata (ZR) layer lying just above the oolemma. Surrounding the ZR lay the inner follicular layer or zona granulosa (ZG). These two layers play vital role for the teleosts, as the ZG is involved in the process of vitellogenesis, steroidogenesis, transfer of small molecules through communicating junctions inside the oocytes, etc. [9] and the ZR bearing pore canals also play vital role in embryonic development, fertilization and interactions between the egg and its aquatic environment [10] . In our present study we have made an attempt to study the histological changes and establish . .
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Email: baib23@gmail.com Tel: +91-9832703096 quantitative relationships between the heights of zona layers and the oocyte cell diameters undergoing vitellogenesis for the first time in the Asian striped catfish, Mystus vittatus, a fish having great demand in the Asian market due to its great palatability and high nutritional value [11] .
MATERIALS AND METHODS

Specimen collection
Adult female Mystus vittatus (Bloch) were collected every month throughout the year from a particular stocking pond located in Burdwan district of West Bengal, India, in order to avoid ecological variations in different ponds that can affect ovarian development. About 186 female fishes with body weight between 21g to 48g were dissected for our experimental purpose.
Histological methods and staining
The ovary was dissected out and cut into small pieces and then fixed in aqueous Bouin's fluid [12] for 18 hours. The fixed tissues were then dehydrated, embedded in paraffin (melting point-56 0 C-58 0 C) and sectioned at 4µm thickness. The sections were stained with the iron-alum haematoxylin and haematoxylineosin method [12] . The stained sections were mounted permanently with DPX and examined under binocular microscope.
Histological measurements and statistical analysis
From the histological preparation of the ovaries, the diameters of the various oocytic cells (δ) and the heights of the ZR (ζ ZR ) and ZG (ζ ZG ) were measured with the help of reticulomicrometer and ocular micrometer at four points within each cell at 90 0 from one another at a resolution of ± 2 µm. Statistical analysis and curve fitting involving the data of δ, ζ ZR and ζ ZG are done using the software Origin 9.1.
RESULT AND DISCUSSION
Histological observations
Based on histological parameters, four stages of oocytic cells were identified [13] and taken into account for our purpose. The height of the ZG and ZR were found to change with the stages of oocytes as shown in the optical micrograph of the histological section of the ovaries (Figs.1, 2, 3a, 3b, 4a, 4b). The zona layer i.e. ZR was visible for first time during the late perinucleolus stage (Fig.1 ). The cells of the ZG layer increased in dimension along with the appearance of prominent nuclei (Figs. 2, 3b and 4b), in concert with the increase in oocytic diameters. Under the light microscope no such cells were identified for the ZR, however, some undulations may be observed and a rise in its height was also noticed (Figs. 2, 3b, 4b). Many authors [14, 15] have found striated structures in the zona radiata during early vitellogenesis and referred these structures as pore canals open at both the ends.
Statistical analysis
Data acquired from histometric studies can be used for quantitative analysis on oocyte development in different vitellogenic stages. The summary of the findings on oocyte cell measurements using histological micrographs is shown in Table I , which exhibits the maximum and minimum oocyte cell diameters recorded for each stage. Statistical analysis is employed to calculate the mean cell diameter using cell diameter data (N=50) recorded for different stages. It can be noticed that the mean cell height increased from 91.9 ± 1.31µm in late perinucleolus state to 185.14 ± 2.35 µm in yolk vescicle stage then 416.25± 4.73 µm to yolk granule stage and finally reached to 556.98 ± 2.72 µm in matured oocyte stage. The increase in mean oocyte cell diameter with advancement in vitellogenesis can be attributed to the hydration of the maturing oocyte and incorporation of the yolk materials and some supplementary factors from the ZG through the porous ZR. Figure 5 shows the size distribution of oocytes during different vitellogenic stages. The frequency distribution data for oocyte cell diameter (δ) is fitted to the Gaussian distribution curve The peak value of the distribution (δ 0 ) is found to shift towards higher oocyte cell diameter with advancement of vitellogenesis process. The Γ value of the distribution is found to be highest for the yolk granule stage of vitellogenesis. This observation can be attributed to the fact that the yolk granules begin to deposit in the yolk vesicles just after they are formed and it is a continuous but relatively slower process in comparison to the yolk vesicle formation and the conversion of the yolk granule stage into the mature oocyte stage. Figure 6 shows the variations in the heights of zona radiata layer (ζ ZR ) and zona granulosa layer (ζ ZG ) with increasing oocyte cell diameter (δ) during the vitellogenesis process in the case of Mystus vittatus. Analysis of covariance revealed linear dependence for both the layer heights on the oocyte cell diameter From the regression parameters obtained from figure 6 , it can be seen that though the β values are almost same for both the layer heights, there exists significant difference in the values of α ZG (6.87) and α ZR (1.12) . This indicates the fact that from yolk vesicle stage onwards, the value of ζ ZG is always higher than ζ ZR with increasing δ. This is due to the fact that the ZG is associated with the process of vitellogenesis [9] and hence, with the increase in the activity of the ZG the yolk materials are incorporated into the oocytic cytoplasm. But the ZR do not play any direct role in vitellogenesis except for the transportation of the vitellogenic materials across its pore canals [15] , and the slight increase in its height is perhaps due its role in receptor mediated endocytosis [16] and its protective role in the aquatic environment; larger oocyte volume due to yolk incorporation demands larger or greater number of pore canals and greater mechanical support respectively and hence, increase in height or thickness of the ZR layer. However, the other functions of the ZR cannot be ignored [10] . Figure 7 shows the variation of ζ ZR with ζ ZG during different vitellogenic stages. It can be noticed that the relation is non-linear and the data fitted well (χ 
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CONCLUSION
A quantitative approach is used to investigate the oogenesis process during vitellogenesis in Asian striped catfish Mystus vittatus. Analytic relationship between oocyte cell diameter and heights of zona layers during vitellogenesis has been proposed. Heights of both the layers are found to increase with oocytic cells diameters and showed linear dependence in the experimental range. The change in the height of zona radiata with the height of zona granulosa during vitellogenesis followed exponential growth of first order.
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